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Growth of Juvenile Acanthaster planci (L.) in the Laboratoryl
MASASHI YAMAGUCHI2
ABSTRACT: Seven juvenile Acanthaster planci were reared from fertilized eggs to
sexual maturity in 18 to 21 months in the laboratory. Four-month-old juveniles,
about 8 mm in total diameter, began to transform into coral predators from the
prior herbivore stage that fed on encrusting coralline algae. The transition period
lasted for about 1 month. Many juveniles were injured by coral polyps, which had
been offered as food, shortly after the transitional period. Except for severely
injured ones, all the coral-feeding juveniles grew steadily after recovering from the
injuries and, when the animals were well fed, their growth curve was sigmoid.
Mean growth coefficient for the early coral-feeding juveniles, growing exponen-
tially, was nearly half that of the previous algae-feeding stage, and the coefficient
value reduced rapidly as the juvenile grew near to maturity. Acropora nasuta
and Pocillopora damicornis both sustained full growth of juveniles. However, the
juvenile Acanthaster killed about twice as much coral mass of Acropora nasuta
as of Pocillopora damicornis to gain the same amount of weight.
DESPITE THE CONTROVERSY concerning the
causes of infestations ofIndo-Pacific coral reefs
by the starfish Acanthasterplanci (L.), it has been
dearly recognized that this animal is one of the
most important predators of reef-building
corals and is influencing the growth and devel-
opment of coral reefs (see review by Branham
1973).
Growth of Acanthaster was measured for
animals collected from the field and maintained
in cages or aquaria in Australia (Pearson and
Endean 1969). These workers indicated a mean
growth rate for the juveniles of 1.1 em/month
and speculated on the correlation between the
ages of starfish and their sizes. Their estimate
was based on an assumption of linear growth.
However, laboratory rearing of postmetamor-
phosis juveniles up to the stage of transition
from herbivore to coral-feeding demonstrated
much slower initial growth rates; i.e., the ani-
mals reached a mean diameter of ca. 8 mm 4
months after metamorphosis (Yamaguchi 1973).
The growth curve obtained in this juvenile
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culture was nearly exponential. The present
paper further describes the growth of labora-
tory-reared Acanthaster to sexual maturity for
the same brood of juveniles described in
Yamaguchi (1973).
MATERIALS AND METHODS
Measurements of the size of a living and
growing starfish, not only in Acanthaster but
any species, are hardly reproducible for arm-
radius, diameter, or body weight. Touching
and handling an animal result in quick con-
traction of its body to various extents, and
measurement of size by any method conducted
in the air is not reliable for a growth study.
Relaxed animals may be up to 20 percent
larger in total diameter than those taken out of
water. The diameter of juvenile Acanthaster
was obtained by measuring sizes from photo-
graphs of relaxed animals at smaller stages or
by applying dividers against larger animals kept
undisturbed in containers. Although the mea-
surements of diameter were kept as a reference
record, the main emphasis in the study was
placed on a method to measure weight of
animals in seawater.
There are some disadvantages in the weigh-
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ing of aquatic organisms in water because of
buoyancy and the variable density of the
medium. Fortunately, asteroids' bodies consist
largely of skeletal ossicles and spines which are
dense enough to be weighed in water. This
method of determining underwater weight of
the animals does not indicate the development
of soft tissues such as gonads, because the
specific gravity of such tissues may be close to
that of seawater. However, the method is
satisfactory for indicating the skeletal develop-
ment of juvenile asteroids, since gonad develop-
ment occurs only at a later stage when the
animals reach maturity. The specific gravity of
seawater varies according to its temperature and
salinity, and the buoyancy of substances in the
medium subsequently changes if such factors
vary. However, oceanic seawater has a fairly
constant density in the tropics, and the variation
in temperature and salinity has little effect on
the measurement of underwater weight under
normal conditions. Variation in specific gravity
of seawater at the 0.001 level caused a relative
experimental error of about 1.0 percent in the
underwater weight of starfish. This same varia-
tion may be caused by a salinity change of ca.
1.3 %0 or by a temperature change of ca.
3.50 C if the alternative factor is constant in
each case. The weighing of juvenile Acan-
thaster was carried out in the laboratory with
seawater of 1.024 ± 0.001 specific gravity.
Two balances with different sensitivities
were used for weighing the animals at the
different size ranges. A specific gravity chain
balance (Troemner, model 5-100) was used for
smaller juveniles from 0.07 to about 4 grams
underwater weight and another balance (Ohaus,
model 310 specific gravity type balance) was
used for those larger than 4 grams. Both bal-
ances were calibrated prior to use.
Juvenile Acanthaster were kept in aquaria or
tanks of various sizes in proportion to the size
of the animals and the holding capacity of the
tanks. They were occasionally kept individually
(for experimental observations) but mostly they
were raised in groups of several individuals in
each holding tank. The holding systems con-
sisted of aquaria or tanks with individual filter
beds and circulating pumps. The closed cir-
culating system worked very efficiently as long
as the animals were not overcrowded. Occasion-
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ally the water in the tanks was replaced by
fresh seawater when signs of excessive buildup
of animals' waste products were noticed.
After the transitional period of feeding
behavior, from algae-feeding to coral-feeding,
several species of different coral genera-
Acropora, Pocillopora, and Pavona-were regu-
larly fed to the juveniles. The food was kept
in surplus most of the time to allow the
maximum feeding and growth of the animals.
Because the starfish always left a considerable
mass ofundigested but decomposing coral tissue
after feeding, several small scavengers such as
harpacticoid copepods and money cowries
(Cypraea moneta) were kept with the juvenile
Acanthaster in the same aquaria. These animals
cleaned the decaying coral tissues and prevented
overgrowth of bacteria in the holding systems.
Growth of seven individuals out of the 14
that are described elsewhere (Yamaguchi 1973)
was measured bimonthly from April 1972 to
May 1973. Individual identification was based
on variations in the number of rays and in the
number and positions of madreporites. The
number and positions of madreporites in
Acanthaster did not change after the juveniles
transformed into the adult form.
An attempt to observe the effects of tempera-
ture on the growth of juveniles was carried out
for about 6 weeks in July and August 1972
with some of the above animals and with spare
animals from the same brood (V-batch) and
another brood (VII-batch). Unfortunately,
frequent power-outages and malfunctions of
temperature-control units in the experimental
aquaria obstructed a thorough study. Simul-
taneously, some experiments to observe the
feeding rate of juveniles were carried out under
ambient temperature (250 to 31 0 C). Underwater
weight of the grazed coral tissue without skele-
ton (by comparing the weight decrease before
and after grazing) was not determinable. More-
over, the soft tissues are not completely digested
in any case by Acanthaster and there always
remain considerable but variable (estimated to
be up to 50 percent of total soft tissues)
amounts of undigested tissues. Since the tissue
weight prior to grazing is not determinable,
the amount of coral soft tissue digested by
Acanthaster could not be determined. Therefore,
the rate of coral destruction was determined by
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FIG. 1. Aean/has/er plane!: relationships between diameter and underwater weight of laboratory-reared juveniles,
logarithmic plot. Regression line: L = 2.94x WO.•S1 where W = underwater weight (mg) and L = total diameter
(mm).
weighing the dry coral skeletons whose soft
tissue was consumed by the juveniles. Acan-
thaster everts its stomach from its mouth and
digests the corals in situ. An area similar in size
to the disc of the starfish is covered by the
stomach. The coral species used in the feeding
experiments were restricted to small tips of
branching forms such as Acropora nasuta and
Pocillopora damicornis. The mean combustible
dry tissue weight of both Acropora naslJta and
Pocillopora damicomis is 4.06 percent (S.D., 0.73;
N, 15) and 4.21 percent (S.D., 0040; N, 16),
respectively, of total dry weight of the coral
tips, in the size range 1 to 10 grams. The size of
coral pieces used for the diet of juveniles in the
experiment was kept smaller than that ordinarily
covered by the stomach. Therefore, in most
cases starfish killed a whole piece of coral and
moved to another piece. When some pieces of
coral had portions of ungrazed tissues, the
percentage of the ungrazed part was visually
estimated, and its estimated proportional weight
was subtracted from that of the total attributed
to the particular starfish. Besides the laboratory-
grown animals, three juveniles of 60 to 100 mm
in total diameter, collected from the field, were
kept in aquaria and their food consumption as
coral skeleton weight was recorded for 2 to 5
months.
The weight of the coral skeleton is not an
applicable measure for estimating food value or
conversion rate of food in relation to feeding
activity of the starfish. However, it does give a
crude idea how much coral mass will be killed
by a starfish during its life cycle and how the
feeding rate will vary according to the growth
of the animals in a given time scale.
RESULTS AND DISCUSSIONS
Underwater Weight of Acanthaster Juveniles in
Relation to Dry Weight, Ash-Free Dry Weight, and
Total Diameter
Seven juvenile Acanthaster have been re-
peatedly measured for underwater weight in
seawater and for total diameter (maximum
diameter exclusive of spines). Fig. 1 indicates
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FIG. 2. Acanthasterp/anci: relationships between underwater weight and dry weight and those between underwater
weight and combustible (ash-free) weight. Three additional small juveniles of similar size to the two shown were
used for calculations of the regression lines. Open circles: (combustible weight) = 0.486 x (underwater weight).
Solid circles: (dry weight) = 2.07 x (underwater weight).
the correlation between the weight and the
diameter on a logarithmic plot. The diameter
(L, mm) and the underwater weight (W, mg) is
expressed as L = 2.94 X WO.431 from the regres-
sion line drawn by the least square method. If
this were extrapolated to the smallest juvenile
size ofO.S mm in diameter, the estimated weight
would be of the order of 0.01 mg in seawater.
A large field specimen of about 4S0 mm in total
diameter may have increased its weight up to
107 times in the course of its development. The
wet weight, or live weight, of the starfish is not
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TABLE 1
CALCULATED PROPORTIONS OF UNDERWATER WEIGHT ATTRIBUTABLE TO ASH AND
COMBUSTIBLE FRACTIONS IN Acanthaster planci
127
DRY SPECIFIC UNDERWATERt
WEIGHT(%) GRAVITY VOLUME (%) WEIGHT (%)
Ash Fraction 76.5* 2.68* 56.5 97.9
Ash-Free Fraction (Combustible) 23.5* 1.07 43.5 2.1
Total 100 1.98 100 100
NOTE: Seawater trapped inside the starfish body is neglected in this calculation, because its specific gravity is
similar to that of the medium and does not contribute to the underwater weight.
* Mean values from direct determinations (N = 8); other values calculated from these.
t Measured in seawater of 1.024 in specific gravity.
determinable critically but it is approximately
seven times greater than the underwater weight.
Dry weight and ash-free dry (combustible)
weight of Acanthaster (five laboratory-grown
juveniles and eight field specimens) were deter-
mined with temperatures of 1050 to 1100 C and
4000 to 4500 C in an oven and a furnace, re-
spectively. Correlations between underwater
weight and the dry or ash-free dry weight in the
animals are shown in Fig. 2. The dry weight is
about twice as heavy as the underwater weight,
and the combustible (ash-free) weight is about
half the underwater weight. The specific gravity
of ossicles and spines of Acanthaster is approxi-
mately 2.68 from the direct determination. If
the dry weight of an Acanthaster is divided into
the ash and combustible (ash-free) fractions,
and if the ash is equivalent in density to the
skeletal materials, then the estimated under-
water weight of the combustible fraction is
approximately 1.07. The underwater weight of
the ash-free, or combustible, fraction contrib-
utes only about 2.1 percent to total underwater
weight, although it occupies 43.5 percent of
volume and 23.5 percent of dry weight. The
overall specific gravity of Acanthaster is about
1.98 from the value calculated above. Thus, the
underwater weight is primarily a function of the
skeletal fraction in Acanthaster (Table 1).
Growth ofJuvenile Acanthaster
The transition of feeding in some of the
juveniles started at about 4 months after meta-
morphosis and lasted about 1 month. The
smallest juveniles which fed on coral polyps
were about 8 mmin total diameter. Thecomple-
tion of the transition of feeding coincides well
with the completion of morphological trans-
formation of juveniles into adult forms with 16
to 18 rays. Number of rays and number of
madreporites stopped increasing at al:1out 5
months after metamorphosis and their positions
were fixed thereafter.
Growth in total diameter of juveniles up to
sexual maturity is shown in Fig. 3 and in under-
water weight in Fig. 4. The growth curve of
these well-fed juvenile Acanthaster represents a
typical exponential growth in the earlier stage
and deviates from the exponential as the juv-
eniles advance in age. Individual variations in
size become greater as growth rate is accelerated.
The growth rate (increment per unit time) in
the herbivore-stage juveniles up to 150 days
old was much smaller than that of the subsequent
coral-feeding ones (Fig. 3). However, if the
growth is compared in terms of daily growth
coefficient or doubling time (duration for doub-
ling length or weight), and if we assume that the
growth curve is exponential in the earlier
stages, then the herbivore juveniles grew more
rapidly than did the coral-feeding ones.
The herbivorous juveniles doubled their
mean total diameter every 38 days from No-
vember 1971 to January 1972, while the sub-
sequent coral-feeding juveniles doubled every
61 to 63 days from January to May 1972.
Thereafter, the growth curve started to deviate
rapidly from the exponential one as the daily
growth coefficient decreased and the doubling
time (a reciprocal of the growth coefficient)
increased. The growth rate of total diameter in-
creased as the juveniles grew to 150 mm in
mean diameter, reaching 25.4 mm per 30 days.
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FIG. 3. Aeanthasterplanet: growth in diameter and growth rate of laboratory-reared juveniles. Mean ± one standard
deviation and range for seven individuals are shown. Open circles indicate mean growth rates ofdiameter per 30 days.
This growth rate dropped to about 13 mm per
30 days at sizes about 200 mm in mean diameter.
On the other hand, three field specimens of 60
to 90 mm in initial diameter grew at the rate
of 30 to 40 mm per 30 days for 2 to 5 months
under conditions similar to the present study.
This may represent a maximum potential growth
rate for individual juvenile Acanthaster.
The seven laboratory-reared Acanthaster were
injected with a spawning agent, 1-methyl-
adenine, in February 1973 when they were 17
months old (after metamorphosis) and at
monthly intervals after the first injection. Two
males first spawned in February, with no
reaction in March. One female reacted in April,
when the two males again spawned. In May one
additional female and one additional male
spawned, together with the ones previously
spawning. Two out of seven were still unripe
by May 1973. The gametes spawned in April and
May were artificially inseminated, and the
fertilized embryos were raised to advanced
brachiolariae in 3 weeks. I consider that my
animals are beginning to mature when they are
about 20 grams in underwater weight or 200 mm
in total diameter. The smallest field specimens
that were induced to spawn were around 150
mm in total diameter (ca. 10 individuals), but
they were collected from reef-flat pools and
were considered to be dwarf adults, having the
papulae area distinctly banded by a colored
circle (juvenile Hng). The juvenile ring is
conspicuous in small (usually up to 150 mm in
diameter) Acanthaster. This is mainly due to
faint colored papulae in the middle zone of the
disc; when all papulae withdraw inside the
disc, the ring becomes obscure.
One of the laboratory-reared juveniles ma-
tured without the juvenile ring disappearing,
while the others all turned into the adult forms
without juvenile rings. The adult with the
juvenile ring had accidentally been kept in an
aquarium with high salinity (about 40%0) for
several weeks until I noticed that the animal did
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FIG. 4. Acanthaster p/anci: growth in underwater weight and doubling time of laboratory-reared juveniles, semi-
logarithmic plot. Mean± one standard deviation and range for seven individuals. Open circles indicate mean weight
doubling time.
not feed on corals and looked unhealthy. It
recovered its appetite after being transferred to
seawater of normal salinity (about 34%0)' but
it apparently stopped increasing in size and
matured at a relatively small size (ca. 180 mm in
total diameter). Starfish may be experiment-
ally induced to mature if they are exposed to a
stressed condition. The reef-flat environment
is quite variable in temperature and salinity and
may be detrimental to this starfish, which has a
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FIG. 5. Acanthaster planci: effect of water temperatures
on doubling time in laboratory-reared juveniles. Open
circles: ambient conditions (controls) with temperature
fluctuations of ± 2.50 to 3.00 C around the median points.
Solid circles: temperature controlled conditions (experi-
ments) with temperature fluctuations of ± 0.50 to
1.00 C around the median points. Two experimental
animals died at 33.60 and 33.70 C median temperatures,
respectively.
narrow tolerance limit of upper lethal tempera-
ture of ca. 33° to 34°C (Yamaguchi, 1974). 'The
dwarf adults on the reef flats may reflect the
effect of this factor.
Acanthaster may not increase its size greatly
after attaining its individual ultimate size as a
matured animal (determinate growth). The data
to support this view are still to be collected by
monitoring the animals' growth in the labora-
tory. However, the facts that a field population
in Hawaii consists of animals with a unimodal
size-frequency distribution and that no increase
of size occurs in the animals (Branham 1973)
indicate the hypothesis to be correct. If this is so,
it is impracticable to estimate the age of starfish
from their sizes, except for the small ones which
are usually very rare in the field population. The
report on a bimodal size distribution of
Acanthaster in the Red Sea (Ormond and Camp-
bell 1971) may be analyzed as mixing two or
more subpopulations with ultimate adult size
modes different from each other, rather than
the explanation given, that it consisted of two
or more age classes. Indeed, the bimodal size
distribution was constructed not from a single
aggregation but from animals that were widely
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scattered and living in different depth zones
(Ormond and Campbell 1971). The cessation of
growth in echinoderms after they attain
individual ultimate sizes as adults has been re-
ported for a heart urchin (Moore and Lopez
1966), sand dollars (Birkeland and Chia 1971,
Yamaguchi 1970), and a sea urchin (Ebert
1968). Acanthaster may follow the same trend of
determinate growth.
A series of experimental observations was
planned to detect the effect of temperature on
the juveniles' growth at the exponential growth
stage when the animals were fully fed. I could
not detect any gradient of the temperature
effect on the growth coefficient of the expon-
entially growing juveniles in the experiments
so far carried out because the coefficient was
highly variable among individuals of the same
brood under ambient control conditions (Fig.
5). The causes of this fluctuation in the individ-
ual growth rate are not clear. Unfavorable
chance factors (such as injuries and failures in
locating food) may reduce the rate of growth
ofindividual animals to different degrees. Sensi-
tivity or reaction of individuals against stimuli .
appeared to vary greatly; some were more
sensitive to manipulation than others.
The above fluctuation, however, may be
responsible for increasing standard deviations
in individual sizes during the exponential
growth phase of juvenile Acanthaster (Fig.
3).
Feeding Rate of Acanthaster Juveniles
Acanthaster is capable of withstanding star-
vation for several months (Chesher 1969). One
juvenile of ca. 90 mm in diameter survived for
3 months without any food but reduced its size
about 10 percent in diameter. Food is apparent-
ly the most important factor influencing the
growth of Acanthaster juveniles.
During the controlled temperature experi-
ments, the amount of coral skeleton killed by
the juvenile starfish at ambient temperatures
was determined. Two different coral species,
Pocillopora damicornis and Acropora nasuta were
selected for food and were fed separately to
individual juveniles for given periods (8 to 11
days). Both coral species sustained exponential
growth, and the growth rates between the two
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FIG. 6. Acantbaster p/anci: effect of food coral species on growth and feeding of laboratory-reared juveniles.
Relationship between growth rate and weight when the animal is well fed, logarithmic plot. Open circles: juveniles
fed Acropora nasuta; solid circles: juveniles fed Pocillopora damicornis.
groups of juveniles fed different corals were
not markedly different (Fig. 6 and Table 2).
However, the feeding rates of the two groups
were clearly different. At a given growth rate,
the juveniles killed almost twice as much mass
of Acropora as they did of Pocillopora (Fig.
7).
The data collected from the Acanthaster
population in Panama to estimate the carrying
capacity of the Pocillopora reef for the asteroid
(Glynn 1973) may not be applicable directly to
the Acropora-dominated coral reefs in the
western Pacific in light of the difference in
grazing of the asteroid on different coral genera.
Acropora reefs may be more vulnerable than
are Pocillopora reefs against Acanthaster pre-
dation pressure if densities of coral mass are
TABLE 2
DOUBLING TIME OF UNDERWATER WEIGHT
FOR Acantbaster planci ON Two DIFFERENT
CORAL DIETS
DOUBLING TIME (DAYS)
INDIVIDUAL Acropora Pocillopora
STARFISH NO. nasuta damicornis
V-2 26.0 24.0
V-3 23.5 22.2
V-4 22.9 23.2
VII-2 25.5 21.9
VII-3 23.3 23.3
Mean 24.24 22.92
NOTE: Determinations made at ambient temperature.
s = 1.584
t = 1.67 with P > 0.1 (v = 4, tOol = 2.13).
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FIG. 7. Acanthaster planci: effect of food coral species on growth and feeding of laboratory-reared juveniles. Rela-
tionship shown is that between growth rate and feeding rate (dry coral skeleton weight per day), logarithmic plot.
Open circles: juveniles fed Acropora nasuta; solid circles: juveniles fed Pocillopora damicornis.
similar. Growth rates are not markedly differ-
ent between the two genera of corals (Vaughan
and Wells 1943).
The above observations and the other
observation on the feeding of larger juveniles
on mixed coral species (mostly Poeillopora and
Acropora) provided the data that allowed the
correlation between size of the starfish (under-
water weight) and its feeding rate (dry coral
skeleton mass) to be made (Fig. 8). Fig. 8 gives
a crude idea of how much coral mass would be
killed by a given sized starfish in a given period.
Fig. 9 was drawn from the mean size of labora-
tory-reared juveniles given in Fig. 4 and the
feeding rate obtained from the regression line
in Fig. 8 for the feeding rate and the size. Fig. 9
further indicates the graphically integrated mass
of cotal killed by a single Aeanthaster if the
starfish consumes at the feeding rate shown in
the same figure. The estimated accumulative
consumption in Fig. 9 shows that the total coral
mass killed by a juvenile Aeanthaster increases
nearly exponentially until the starfish reaches
maturity. An average-sized juvenile may con-
sume about 200 grams of coral skeleton (which
is about a fist-sized piece of Poeillopora daJJli-
eornis) in the first year and about 50 kg in the
second. If the feeding rate stabilizes after the
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of coral skeleton mass by an average well-fed juvenile up to maturity, semilogarithmic plot.
3rd year, when the animals mature, at about
300 g coral skeleton per day, then the annual
consumption of the adult starfish is of the
order of 100 kg. Thus, the influence of feeding
by Acanthaster on the corals is almost negligible
during the period when juveniles are develop-
ing in the 1st year, and it increases rapidly as
they grow. Significant damage to coral reefs
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TABLE 3
COMPARISON OF GROWTH COEFFICIENTS BETWEEN Acanthaster AND 'Pisaster
GROWTH DOUBLING
DURATION WEIGHT INCREASE .COEFFICIENT TIME
STARFISH NO. (DAYS) (GRAMS) (PER DAY) (DAYS)
Pisaster Live Weight
No. 8 192 35.8-150.6 3.25x 10-3 92.6
No. 9 192 25.2-128.7 3.69 x 10-3 81.6
No. 10 193 30.1-113.9 2.99x 10-3 100.5
No. 11 185 29.3-195.5 4.46 x 10-3 67.6
No. 12 270 7.9-106.5 4.18x 10-3 71.9
Acanthaster Underwater Weight
V- 2 184 3.10-13.71 3.51 x 10-3 85.8
V- 3 184 3.41-13.00 3.16x 10-3 95.3
V- 4 184 2.80-14.36 3.86x 10-3 78.0
V- 9 184 1.75-12.64 4.67 x 10-3 64.5
V-l0 149 1.28-12.19 6.57x 10-3 45.8
V-l1 149 1.39-11.74 6.22x 10-3 48.4
V-12 182 1.19-12.61 5.63 x 10-3 53.4
135
NOTE: Data on Pisaster were calculated from the figures given by Feder (1956), with his kind permission to use.
is likely to be caused only by an aggregation of
fully grown Acanthaster.
Comparison of Growth with Other Asteroid Species
The time scale used in the above speculations
may represent rapidly growing animals, because
the data were based on well-fed starfish. Field
animals would consume less per unit time than
the laboratory animals, because the former have
to expend much time locating food and also
because they are under various stresses such as
predation. Feder (1956, 1970) found that
Pisaster ochraceus grows at a much higher rate in
the laboratory where it is well fed than it does
in the field. His data on the live-weight incre-
ment in laboratory-reared Pisaster are compared
with those of Acanthaster in Table 3. If the live
weights of the two asteroid species are about 10
times their underwater weights, then their
daily growth coefficient or doubling time in
weight is very close, in spite of the wide
difference in water temperature (9.5° to 16.8° C
for Pisaster and 25° to 31 0 C for Acanthaster).
Halpern (1970) reported on the growth of
Luidia senegalensis near Florida. He found that
juvenile Luidia grew at the rate of 11.6 mm in
arm-radius per month. This figure is comparable
with the maximum mean growth rate of juven-
ile Acanthaster, 25.4 mm in diameter per 30 days,
since the arm-radius is about half the total
diameter.
Damage of Acanthaster Juveniles by Coral Po!;ps
Short!; after the Feeding Transition Period
The juveniles completed the transition from
feeding on algae to feeding on coral polyps, as
well as the transformation to the adult structure,
by February 1972, 5 months after metamor-
phosis. In February and March many of the
early coral-feeding juveniles were seen to be
injured by the coral polyps on which they were
feeding. When a juvenile fed on some polyps of
part of a branching coral colony, the polyps in
contact with the dorsal surface of the juvenile
Acanthaster attacked the predator. The free coral
polyps near the ones covered by the stomach of
the juvenile also attacked the starfish. The star-
fish did not show any escape responses to such
attacks when they were feeding. Thus, the
juveniles were injured on various parts of their
bodies, mostly on the dorsal surfaces and rays,
from the attacks by coral polyps. The injured
part turned fresh pink and keloid-looking. Some
juveniles were so severely injured that they lost
arm tips or several complete arms, including
small parts of the disc. The most heavily
damaged juvenile received a large hole through
the disc. Fig. 10 illustrates the damages and
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FIG. 10. Aeanthaster planei: growth and regeneration of juveniles after they have received injuries. All starfish
pictures are placed so as to show vertical anterior-posterior axis. Three individuals are shown-V-11, V-16, and V-4.
Starfish no. V-ll: la, lb, lb', 1c, and ld; starfish no. V-16: 2a, 2b, 2b', 2c, and 2d; and starfish no. V-4: 3a,3b,
3b', 3c, and 3d. Photographs were taken 1 March 1972 (about 6 months after the animals had metamorphosed) for la,
2a, and 3a; 21 March 1972 for lb, lb', 2b, 2b', 3b, and 3b'; 11 April 1972 for lc, 2c, and 3c; and 11 May 1972 for
ld, 2d, and 3d. lb', 2b', and 3b' show oral surface and the others show the aboral surface.
The short rays of la, 2a, and 3a indicate the latest-formed rays, while the rays on the top are old ones,i ncluding the
original five (V-16 lost these).
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subsequent regeneration in several juvenile
Acanthaster. Starfish V-4 and V-11 lost tips of
several rays during 1 to 21 March, and regener-
ated the lost parts. Starfish V-16 lost five
complete rays as well as a part of its disc
before 1 March. It regenerated three new
rays subsequently, making a 15-rayed asteroid
from an original 17-rayed one. The severely
injured juveniles slowly regenerated the
lost parts, but others rapidly recovered
from the injuries as they grew. No further
damage was observed once the juveniles grew
to a large enough size, with lengthened spines,
to avoid attacks by coral polyps.
I have observed several juveniles attached to
immersion heaters held inside the aquaria; they.
showed no avoidance response to the hot heater
and died after receiving severe injuries. Acan-
theraster's lack of an escape reaction against
adverse stimuli is interesting in light of its feed-
ing on corals.
Two series of madreporites distribute almost
in parallel with a vertical anterior-posterior
axis of Acanthaster although there is marked
irregularity in the distribution patterns (Fig.
10). The interradii of newer rays are crowded
with the madreporites but those of the original
five rays usually keep only a single (presumably
the original) madreporite. The interradius
between ray C and ray D (located upper right
in the figures) keeps the original madreporite
(see Yamaguchi, 1973, concerning the ray-
formation of juvenile Acanthaster and the
naming of rays).
CONCLUSIONS
The postmetamorphosis Acanthaster juvenile
completed transformation into the adult struc-
ture and transition from algae-feeding to coral-
eating within 5 months after metamorphosis.
Juveniles received damage and injuries to
various extents from coral polyps on which
they fed when they were too small to avoid
attacks by the polyps. However, Acanthaster
juveniles, except for those that were severely
injured, grew steadily after recovering from the
injuries. The growth curve for the juveniles was
a sigmoid one, and growth rate in terms of in-
crements of diameter or weight varied greatly
during the juvenile development. Earlier
juveniles grew almost exponentially. Daily
growth coefficients or doubling times gave
good indices for the growth of the exponential
growth stage. The growth curve deviated from
the exponential one as juveniles grew to ma-
turity.
Measurements of weight of the starfish in the
normal seawater proved to be precise and
reproducible. The increase in underwater
weight of the starfish ,expressed the skeletal
development as a whole. The correlation
between the underwater weight and dry weight
or combustible weight was determined, and the
latter two could be estimated from the measure-
ment of the underwater weight of the animals.
This method would be useful for the study of
metabolic activity such as oxygen uptake, since
the combustible weight of intact animals can
be estimated from the underwater weight with-
out the animals' having to be killed.
The feeding rate of juvenile Acanthaster on
corals increased exponentially up to near sexual
maturity. The estimated coral mass killed by an
average, but well-fed, juvenile during its
development to maturity also increased expo-
nentially. The starfish does not begin its exten-
sive grazing on corals until it has nearly reached
its ultimate size, which may be variable accord-
ing to the environmental conditions. Most of
the well-fed Acanthaster reared in the labora-
tory grew to sexual maturity in 17 to 20 months
after metamorphosis (18 to 21 months after
spawning).
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